complicated by acute cholecystitis, common bile duct stones (with pancreatitis or jaundice), or fistula (32) . Gallstone disease is the most common among all abdominal diseases that lead to hospital care in the Western world (36) ; recently, an increase of hospital admissions for gallstone disease has been observed in England (37) . This has made gallstone disease a health care problem with considerable economic consequences; moreover, this problem will most likely increase with increases in population age (38) . The annual direct cost in the United States has been estimated to be approximately six billion USD (39, 40) . No randomised controlled trials have favoured operative treatment of asymptomatic patients with cholelithiasis (41) . A wait-and-see management approach may also be adopted for symptomatic patients with uncomplicated disease (42) , particularly those with atypical symptoms (43) . With the introduction of the laparoscopic technique, the cholecystectomy incidence increased substantially (15 -80%) in Europe (38, 44, 45) , Canada (46) , the United States (47, 48) , and Saudi-Arabia (49) .
Comments on cholecystectomy techniques
Details of the laparoscopic technique ( Figure 1 ) are readily available to any trainee and will not be discussed here. Essential equipment for small-incision cholecystectomy include Harrington-type retractors, headlamps, and magnification loops ( Figure 2 ) (14) . Briefly, the incision is performed over the right rectus muscle, two to three fingers below the xiphoid process ( Figure 3) (10, 14) . The anterior and the posterior rectus sheath are divided. The www.intechopen.com rectus muscle is left intact, but one or two cm may be divided medially. Intra-abdominal dissection is initiated at the triangle of Calot, although in patients with inflammation, a "fundus down" dissection may be advantageous. Before wound closure, a local anaesthetic agent is administered liberally in the rectus muscle compartment as well as subcutaneously. The rectus sheaths are sutured with non-absorbable suture and the subcutaneous layer with absorbable suture. When an extension of the incision must be performed in small-incision cholecystectomy, the incision is rarely extended lateral to the rectus muscle. Conversion from laparoscopic to open cholecystectomy typically requires a traditional 10 -20 cm subcostal incision through the rectus muscle, the oblique muscles, and the transverse muscle, with the risk of causing denervation injury and subsequent incisional hernia. Fig. 2 . Headlights and x2.5 magnification loops are necessary for performing a safe smallincision cholecystectomy.
Minimally-invasive techniques and day-case surgery
Both small-incision cholecystectomy (6, 7, 14, 17, (50) (51) (52) and laparoscopic cholecystectomy (50, (52) (53) (54) (55) (56) are compatible with ambulatory surgery. A Cochrane review has considered laparoscopic day-case surgery safe and effective for selected patients with symptomatic cholelithiasis (57) .
Randomised controlled trials that compared open cholecystectomy, small-incision cholecystectomy, and laparoscopic cholecystectomy
Cochrane reviews demonstrate that small-incision and laparoscopic cholecystectomy should be considered equivalent with respect to complications and recovery, but the small-incision www.intechopen.com cholecystectomy requires a shorter operation time (58) . However, trials with large numbers of patients are necessary to determine potential differences in serious adverse advents (59) . Open cholecystectomy is associated with a longer hospital stay than the two minimallyinvasive techniques (58) . One randomised controlled trial concluded that small-incision cholecystectomy was also suitable for obese patients (17) . Patient opinion of the cosmetic outcome of surgery did not differ significantly between small-incision and laparoscopic cholecystectomy one year after surgery (60) . For both groups, the median value concerning patient views of the scar was 1 on a scale of 1 to 10, where 1= does not bother me at all, and 10=very disturbing. To judge the external validity of conclusions reached in randomised controlled trials, it is necessary to know outcomes for non-randomised patients treated at the units that participated in the trial. In one trial that compared the two minimally-invasive cholecystectomy techniques, the patients that received operations, but were excluded from the trials were older and tended to have more advanced disease (higher ASA-scores, more co-morbidities, more complications from gallstone disease) than the patients included in the trials (61). (62) . Those patients showed a higher likelihood of having an acute admission and a complicated gallstone disease compared to patients that underwent laparoscopic cholecystectomy. They also had a higher mortality than expected, considering age and sex of the background population, both within 90 days of admission for cholecystectomy and 91-365 days postoperatively, indicating that these patients were sicker than the Swedish population in general. This suggested that efforts should be undertaken to reduce the surgical trauma in open biliary surgery (62) . In the United States, 25% of all cholecystectomies were performed as open operations from 1998-2001, and 5-10% of laparoscopic cholecystectomies were converted to open operations (63) . In Scotland, an audit reported that the open technique for gallbladder surgery was used in 11.4% of all cholecystectomies (4.0% primary and 7.4% converted laparoscopic) and concluded that also in the 2000s, open cholecystectomy is a common procedure with limited room in current trainee programs (64) . Similar conclusions have been drawn from studies in the United States (65) (66) (67) . Training programs for open cholecystectomy and common bile duct procedures have been considered necessary (68) . Population based studies have demonstrated that the incidence of bile duct injuries has increased after the introduction of laparoscopic cholecystectomy (69) . In Sweden, there was a small to moderate long-term increase in the risk of bile duct injury after introduction of the laparoscopic technique compared to the prelaparoscopic era (70) . This may be an underestimation of the real change, as the majority of bile duct injuries may be treated without reconstructive surgery today (71) .
Cholecystectomy for complicated gallstone disease
The cholecystectomy technique should be chosen based on the particular type of gallstone complication in order to achieve smooth, early, definitive treatment. The complications include acute cholecystitis, common bile duct stones, and acute biliary pancreatitis. For acute cholecystitis, an early randomised controlled trial showed that small-incision cholecystectomy was safe, reliable, and had advantages compared to traditional open cholecystectomy (72) . Another randomised controlled trial found no clinically significant differences between traditional open cholecystectomy and laparoscopic cholecystectomy (73) . Observational series have demonstrated that both small-incision (74) and laparoscopic cholecystectomy (75) (76) (77) (78) (79) are suitable for treating acute cholecystitis. According to metaanalyses, an early operation (open or laparoscopic) does not carry a higher risk of mortality or morbidity compared to delayed surgery, and therefore, should be the preferred treatment (80, 81) . This is also applicable to older patients (81, 82) . Laparoscopic cholecystectomy for acute cholecystitis, whether performed early or delayed, is associated with a higher conversion rate compared to elective cholecystectomy (81 effective in the short term, although the latter alternative requires an increased number of procedures (91) . In laparoscopic surgery, endoscopic sphincterotomy is the method preferred by most surgeons for common bile duct clearance (37, 66, 92) . However, laparoscopic choledochotomy and trancystic common bile duct exploration (93) with concomitant cholecystectomy are achievable, effective alternatives. Long-term observational studies have shown that, following endoscopic sphincterotomy, there is a risk of infection, gallstone formation, pancreatitis (94) (95) (96) (97) (98) , and biliary carcinoma (96) . After endoscopic retrograde cholangiopancreatography (ERCP), a prerequisite for sphincterotomy, there is an increased risk for cancer in bile ducts, liver, and pancreas compared to the background population (99) . A Cochrane review indicated that patients with gallbladder in situ should be offered a cholecystectomy following common bile duct stone removal, provided they are fit for surgery (100) . An observational study recommended a cholecystectomy within one week of sphincterotomy (101) . Further randomised controlled trials are necessary to assess the benefits and risks of T-tube versus primary closure after both open (102) and laparoscopic common bile duct exploration (103, 104) . In acute pancreatitis, an early etiological diagnosis (<48 h after admission) is recommended, and in mild and moderate acute pancreatitis of biliary origin, an early cholecystectomy is recommended (105) (106) (107) (108) (109) . In acute biliary pancreatitis without cholangitis, early ERCP does not lead to a significant reduction of complications or mortality (110) . Deviations from these recommendations are common (111) (112) (113) (114) (115) (116) (117) . However, a recent audit demonstrated that it is possible to follow the guidelines for acute biliary pancreatitis with a low associated mortality (118) . According to one randomised trial (119) and other observational studies, in acute biliary pancreatitis, an early cholecystectomy can shorten the hospital stay (120, 121) and reduce the risk for recurrent pancreatitis (122) compared to a delayed operation.
Health care costs
An early randomised controlled trial concluded that hospital costs were higher for smallincision cholecystectomy than for laparoscopic cholecystectomy (123); in one trial no significant difference was found between the two methods (124) . However, in all other randomised controlled trials, health care costs were found to be lower for small-incision compared to laparoscopic cholecystectomy also when re-usable laparoscopic instruments were used (125) (126) (127) (128) (129) . In a cost-minimising analysis, small-incision cholecystectomy appeared to be more cost-effective than laparoscopic cholecystectomy, both from hospital and societal perspectives (130) . To our knowledge, no formal systematic review has compared the costs of small-incision cholecystectomy and laparoscopic cholecystectomy. However, in a recent overview of Cochrane reviews, it was concluded that small-incision cholecystectomy "seems to be less costly" (58) . Observational studies have supported that view (14) (15) (16) . In laparoscopic surgery, endoscopic sphincterotomy is associated with a longer hospital stay (131) and is more costly than choledochotomy (132, 133) . Health care costs are ultimately determined by more factors than the surgical technique used. Factors that modify the response to surgical trauma, including the use of steroids, use of ondansetron, or liberal administration of fluid (134) (135) (136) (137) (138) (139) (140) (141) , advice to patients concerning pain medication and postoperative activity may affect convalescence, return to work, and finally, the societal cost for cholecystectomy (142) . Long-term costs for cholecystectomy should include costs for repair of abdominal wall hernias following large, subcostal incisions (Figure 4) . Finally, overall costs for surgical training should take into account the costs for two learning curves for laparoscopic trainees (laparoscopic cholecystectomy and open cholecystectomy in case of conversion) versus one curve for minicholecystectomy trainees (small-incision cholecystectomy with extended incision when needed).
Medical ethics and cholecystectomy technique
Non-maleficence, beneficence, respect for autonomy, and justice are the cornerstones of principle-based medical ethics (143) . Respect for autonomy involves providing evidence based information on the risks (including conversion/extended incision) and benefits of surgery in elective and emergency settings (144) . Justice involves the fair distribution of resources among individuals in need of health care. External factors may affect the practice of justice (145) . However, within the limits set by stakeholders, the health care system and the surgeon must always consider the cost-effectiveness of surgical care (146) . 
Conclusions
Traditional open cholecystectomy is associated with a longer recovery than small-incision and laparoscopic cholecystectomy. To make a scientific evidence-based choice between small-incision cholecystectomy and laparoscopic cholecystectomy, surgeons and health care providers must scrutinize the evidence from randomised controlled trials and from defined populations, and they must consider the applicability of the techniques to their own setting. Conclusions reached may have a profound effect on costs and surgical training. Updated topics in minimally invasive abdominal surgery provides surgeons interested in minimally invasive abdominal surgery with the most recent techniques and discussions in laparoscopic surgery. This book includes different topics covering a big variety of medical conditions with up-to-date information. It discusses many controversies in a clear and user-friendly manner. This book is made for young junior surgeons in training and also senior surgeons who need to know the most recent work in the field of laparoscopy. To make the material easily digestive, we provided the book with many figures and illustrations for different procedures and technical pearls.
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